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Bartolino

But first, 
where are we…



Bartolino

The modeling process

Define 
problem

Develop 
conceptual 
model

Develop 
mathematical 
model

Calibration

Assessment 
of problem 
using model

Apply 
results

Re-evaluation 
of the problem 
and objectives 
based on 
simulation 
results

Project 
completion

?
??

Define 
problem
• Literature 

review
• Preliminary 

analyses
• Data 

collection

Develop 
conceptual 
model
• Processes/ 

budget
• Boundary 

conditions
• Hydrogeologic 

framework
• Data collection

Develop 
mathematical 
model
• Choose model 

code
• Choose how to 

represent 
processes and 
boundary 
conditions

• Construct the 
model

Calibration
• History 

matching
• Sensitivity 

analysis
• Data 

collection

After Reilly (2001) TWRI 3,B8
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Soil moisture 
budget

ET

PPT

irrigation  district

SW 

irrig

municipal

service area

irrig

status

wells

canals

Needed to figure 

out:

- Incidental 

recharge

- PPT recharge

- Canal leakage

- Pumping

Still working on:

- Data

- Cleaning data

- Processing 

routines
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Rockworks 
hydrogeologic 
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Flow model 
layer

layer n

1640 ft

1890 ft

2
5
0
 f

t



Lithology for 
the flow model 

layer
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Lithology for 
the flow model 

cell

500 m

F C

575 m



Lithology 
Mapped to Grid:

Layer 1



Lithology 
Mapped to Grid:

Layer 2



Lithology 
Mapped to Grid:

Layer 3



Lithology 
Mapped to Grid:

Layer 4



Lithology 
Mapped to Grid:

Layer 5



Lithology 
Mapped to Grid:

Layer 6



Why?



Why?

Every cell needs 

hydraulic parameter 

values:
• Horizontal hydraulic 

conductivity (HK)

• Vertical hydraulic 

conductivity (VK)

• Storage Coefficient (S)

Geologic information 

can inform:

• Values

• Spatial distribution

HK HK VK



Parameter 
Estimation

water

level

time

observed (real life)

simulated (model results)

residual

briefly…



Parameter 
Estimation

water

level

time

briefly…

combination 1

combination 3

combination 2

combination n



Why?

Parameter estimation 

tools can be told to 

prefer a certain 

parameter distribution 

to mimic lithology

Eases identification of 

‘best’ parameters



Pumping and Monitoring Well 
Locations on Model Grid

Stephen Hundt
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Soil moisture 
budget

ET

PPT

irrigation  district

SW 

irrig

municipal

service area

Needed to figure 

out:

- Incidental 

recharge

- PPT recharge

- Canal leakage

- Pumping

Still working on:

- Data

- Cleaning data

- Processing 

routines

wells

canals

irrig

status



Groundwater 
Rights

• Sole Source 

Groundwater

• Groundwater with 

Surface Water

• Supplemental 

to SW

• Used with SW

100% sole source

51% with SW

49% sole source



Estimating 
Pumping by  

Type of Right

• Sole Source 

Groundwater

Always pumped

• Groundwater with 

Surface Water

Pumped if needed

Total District 

Irrigation Demand

Total District Sole 

Source GW Right

Total District SW 

Deliveries

Remainder (up to 

Total District GW w/ 

SW Right)

Total District 

Irrigation Demand

Total District Sole 

Source GW Right

Total District SW 

Deliveries

District 1 District 2



Pumping by  
Cell

• Sole Source 

Groundwater

Always pumped

• Groundwater with 

Surface Water

Pumped if needed



Flow model 
layer

layer n

1640 ft

1890 ft

2
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Domestic 
Wells:

Primary Layer

Layer With Greatest 

Length Intercepted 

by Screened 

Interval(s)

1

2

3

4

5

6



Irrigation Wells:
Primary Layer

Layer With Greatest 

Length Intercepted 

by Screened 

Interval(s)

1

2

3

4

5

6



Domestic and 
Irrigation Wells: 

Layer 1

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4

Irrigation Wells Domestic Wells



Domestic and 
Irrigation Wells: 

Layer 2

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4

Irrigation Wells Domestic Wells



Domestic and 
Irrigation Wells: 

Layer 3

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4

Irrigation Wells Domestic Wells



Domestic and 
Irrigation Wells: 

Layer 4

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4

Irrigation Wells Domestic Wells



Domestic and 
Irrigation Wells: 

Layer 5

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4

Irrigation Wells Domestic Wells



Domestic and 
Irrigation Wells: 

Layer 6

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4

Irrigation Wells Domestic Wells



Multi-Layer 
Pumping

- How much is 

pumped from 

each layer?

- Well as conduit 

connecting 

layers?



Multi-Layer 
Pumping

Proportional to 

transmissivity

Solve well bore 

hydraulics (MAW 

package)

High Kz

Typical Approaches



Pumping by  
Layer

- One 

representative 

pumping well in 

each cell based 

upon nearby well 

logs

- Not all well 

logs checked
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Pumping by  
Layer

4

10

7

0

7

0
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3
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5

3.5

1.5

Proportional to 

transmissivity



Monitoring 
Wells:

All



Monitoring 
Wells:

All

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4



Multi-Layer 
Monitoring 

Wells

?



Monitoring 
Wells:

Layer 1

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4



Monitoring 
Wells:

Layer 2

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4



Monitoring 
Wells:

Layer 3

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4



Monitoring 
Wells:

Layer 4

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4



Monitoring 
Wells:

Layer 5

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4



Monitoring 
Wells:

Layer 6

Number of Layers 

Intercepted by 

Screened Interval(s)

1

2

3

4



Thanks for Listening


